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ABSTRACT
It is argued that ‘design’ is an essential characteristic of engineering practice, and hence, an essential 
theme of engineering education. It is suggested that first-year design courses enhance commencing student 
motivation and retention, and introduce engineering application content and basic design experience 
early in the curriculum. The research literature indicates that engineering design practice is a deeply 
social process, with collaboration and group interactions required at almost every stage. This chapter 
documents the evaluation of the initial and subsequent second offerings of a first-year engineering 
design unit at Griffith University in Australia. The unit 1006ENG Design and Professional Skills aims 
to provide an introduction to engineering design and professional practice through a project-based 
approach to problem solving. The unit learning design incorporates student group work, and uses self-
and-peer-assessment to incorporate aspects of the design process into the unit assessment and to provide 
a mechanism for individualization of student marks.
INTRODUCTION
It is often argued that ‘design’ is an (perhaps the) essential characteristic of engineering practice, and 
hence, an essential theme of engineering education (Atman, Kilgore, & McKenna, 2008; Dym, Agogino, 
Eris, Frey, & Leifer, 2005; Schubert, Jacobitz, & Kim, 2012). Some authors claim a level of consensus 
regarding the elements of engineering design (Hubka & Eder, 1987), and a range of normative framings 
of engineering design can be found (Dym et al., 2005; Howard, Culley, & Dekoninck, 2008; Salter & 
Gann, 2003; Schubert et al., 2012). Comparative definitions also exist that position engineering design 
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in relation to other types of design, i.e., architectural design and computer programming (Lloyd & Scott, 
1994). It is often claimed that, “Design requires unique knowledge, skills, and attitudes common to all 
engineering disciplines, and it is these attributes that distinguish engineering as a profession.” (Atman 
et al., 2008, p. 309) Hence it is not surprising to see engineering design identified as a key element of 
engineering education:
Engineering design is a critical element of engineering education and a competency that students need 
to acquire. (Atman et al., 2007, p. 359)
… the purpose of engineering education is to graduate engineers who can design, and that design think-
ing is complex. (Dym et al., 2005, p. 103)
Typically, exposure to aspects of design are distributed throughout the undergraduate engineering 
curriculum (Davis, Gentili, Trevisan, & Calkins, 2002). Student design projects have long been used 
as a key pedagogical element for the development of engineering student design skills and knowledge. 
Traditionally, these have taken two complementary forms:
• Final-Year Design Courses: Open referred to as ‘capstone’ design courses (Dutson, Todd, 
Magleby, & Sorensen, 1997); and
• First-Year Design Courses: Often referred to as ‘cornerstone’ design courses.
Cornerstone design courses arose as a response to perceptions that first-year engineering curricular, 
historically loaded with math, physics and other theoretical foundation studies, often left commencing 
students wondering what engineers actually do. It is suggested that first-year design courses enhance 
commencing student motivation and retention, and introduce engineering application content and basic 
design experience early in the curriculum (Dym et al., 2005).
Computer-Aided Design (CAD) has been a part of engineering design since the 1960s, and by the 
1990s developments in low-cost computer hardware and electronic communications made CAD a ubiq-
uitous element of engineering design (Salter & Gann, 2003). CAD was traditionally associated with 
the production of design drawings and other documentation, but CAD can be used in all phases of the 
engineering design process (Hubka & Eder, 1987). Even if only for the documentation of engineering 
design concepts, CAD plays an important role as an enabler of group design work via the formal repre-
sentation of design information in a standard and unambiguous form that minimizes errors in the sharing 
of design concepts between members of the design team (Brereton & McGarry, 2000). In engineering 
education, evidence of the close association between engineering design and CAD can be observed in the 
commonly found pairing of training in the use of CAD systems combined with introductory engineering 
design theory and practice in a single unit of study.
There is evidence that experienced engineers carry out design activities in qualitatively different ways 
to novice or less experienced engineers. And, if engineering students are considered as ‘student engineers’, 
a similar growth in sophistication in engineering design output has been observed between junior and 
senior students. As part of a longitudinal investigation into undergraduate engineering student design 
performance, data were collected on how both freshmen (commencing) and senior students conducted 
design exercises (Atman, Cardella, Turns, & Adams, 2005; Atman, Chimka, Bursic, & Nachtmann, 
1999). It was observed that senior student performance was better than freshman performance with re-
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spect to several design elements, with senior student design behavior tending to be more sophisticated 
than freshmen, and seniors tending to produce higher quality design solutions. The authors noted a 
number of implications for appropriate teaching strategies for first-year engineering design students to 
encourage them to iterate through all the steps in the design process, develop multiple alternatives and 
gather information.
Engineering design is, in most cases, performed by groups of individuals who, “must know how 
to discuss, deliberate and negotiate with others if their individual proposals and claims are to be taken 
into account and have meaning.” (Bucciarelli, 2002, p. 220) Baird, Moore, and Jagodzinski (2000) 
note, “… engineering design is not a mechanistic process which can be fully described in a manual, but 
a complex and elaborate socially-mediated activity of which much is tacit.” (p. 333) In ethnographic 
studies of the engineering design processes in two engineering firms, Bucciarelli (1988) observed that, 
“… different participants think about the work on the design in quite different ways. They do not share 
fully congruent internal representations of the design. In this sense the design at any time in the design 
process is more than the sum, or simple synthesis, of its participants’ interpretation. In this sense it is 
a social construction.” (p167) Bucciarelli (2002) further observed that compromise and mediation may 
be required between design group members to bring a complex engineering design to resolution - “Dif-
ferent participants work in different domains on different features of the system; they have different 
responsibilities and more often than not, the creations, findings, claims and proposals of one individual 
will conflict with those of another. Negotiation and trade-offs are required to bring participants’ ef-
forts into coherence.” (p. 220) In a different ethnographic study of engineering design processes, Lloyd 
(2000) concluded that, “… a design process is as much about key social points—a particular meeting, 
a talk with the customer, a chat among several engineers … It was also of note that activities which are 
often thought of as individual—drawing, sketching, listing requirements, etc.—add to the narrative of 
a particular design project by producing objects for communication and discussion, and these objects 
contribute to the ongoing discourse. There can be very few parts of an engineering design process that 
are not socially explored.” (p. 371)
So, while much literature observes engineering design as ‘simply’ a technical process of optimization, 
in reality it is deeply social activity that helps organize the process to transform design requirements 
into reality (Lloyd, 2000). The more complex the engineering design process, the more important con-
versations with other designers become (Salter & Gann, 2003). For these reasons, as well as a practical 
response to large class sizes, engineering design projects commonly involve student group work. The 
terms ‘group work’ and ‘teamwork’ are commonly used interchangeably in the research literature, 
however some authors make a technical distinction between group work and teamwork. The essential 
difference is typically expressed as, the former encompasses situations where a number of students 
work separately on different aspects of a project and then combine their work with minimal consider-
ation, whereas the latter situation involves on-going joint work in a collaborative environment where 
members actively contribute to team cohesion and task achievement (Oakley, Felder, Brent, & Elhajj, 
2004). Student engineering design projects might conceivably include both of these modes of work at 
different phases. While cognizant of the distinction in terminology, for simplicity, hereafter the authors 
will refer generically to group work.
There is a range of established methods for assessing group work generically, however assessment 
that reflects a student’s contribution as an effective group member is still not well-developed in many 
engineering pedagogies, which typically focus on individual performance (Dym et al., 2005). As noted 
by Atman et al. (1999), in assessing engineering design, both the quality (however defined) of the fi-
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nal design artefact, as well as the nature of the design processes used by students, are of interest. It is 
important to explicitly assess both of these aspects, as a post facto evaluation of the final design output 
reveals little about the design processes from which it arose (Bucciarelli, 1988; Dym et al., 2005). One 
approach to the evaluation and assessment of individual contributions to a group design effort is through 
the use of peer review (Dutson et al., 1997). One comprehensive form of student peer review is self-and-
peer-assessment (SAPA) (Tucker, Fermelis, & Palmer, 2009).
At its most basic, SAPA involves students providing an evaluation for all group members, including 
themselves, of the individual contribution of each group member to the group work process. If group 
members are aware that their group contribution is to be assessed there may be less ‘free-riding’ (John-
ston & Miles, 2004) and the requirement of providing performance feedback to other group members 
may make one focus on improving one’s own performance (Davies, 2000; Freeman & McKenzie, 2002). 
Additionally, SAPA provides a mechanism for the individualization of student results, typically using the 
student SAPA ratings to compute an individual scaling factor for each group member that is then used to 
convert the overall mark for the group output into marks for each student (Freeman & McKenzie, 2002; 
Willey & Gardner, 2007). While the presence of an explicit process for individualization of marks may 
promote good group work behaviors, it is observed that the individualization factors typically derived 
through SAPA don’t generally lead to dramatic modification of individual marks (Johnston & Miles, 2004).
There exists a range of pedagogical models, badged with a range of names, for teaching engineering 
design, for example: problem-based learning (Al-Abdeli & Bullen, 2006; Atman et al., 1999); design-
based learning (Gómez Puente, van Eijck, & Jochems, 2011); conceive-design-implement-operate (CDIO) 
(Agouridas, 2007; Cárdenas, 2009; Dym et al., 2005); problem-oriented project-based learning (Gómez 
Puente et al., 2011; Kolmos, 2002); social design based learning (Cárdenas, 2009); and project-oriented, 
design-based learning (Chandrasekaran, Stojcevski, Littlefair, & Joordens, 2013). However, generically, 
one of the most common is project-based learning (PBL) (Agouridas, 2007). There are many case studies 
of PBL in the research literature, but they are often simple descriptions of the course learning designs – 
detailed evaluations are much rarer (Helle, Tynjälä, & Olkinuora, 2006). This chapter draws on previously 
reported evaluations of the initial and subsequent second offerings of a first-year engineering design 
unit at Griffith University in Australia, provides a theoretical context for the unit, and consolidates the 
evaluation findings. The unit 1006ENG Design and Professional Skills aims to provide an introduction to 
engineering design and professional practice through a project-based approach to problem solving. The 
unit learning design incorporates student group work, and uses self-and-peer-assessment to incorporate 
aspects of the design process into the unit assessment and to provide a mechanism for individualization 
of student marks. This chapter presents the rationale and context for 1006ENG, the detailed results from 
the two evaluations, and conclusions regarding student engagement in collaborative engineering design 
activities in a first-year unit.
PROJECT-BASED LEARNING FOR ENGINEERING DESIGN EDUCATION
A wide range of aims and practices are claimed under the banner of PBL (Helle et al., 2006), and the 
significant blurriness in the activities variously represented as PBL make a strict definition difficult 
(Thomas, 2000). However, in the related literature it is possible to infer a general agreement that PBL 
contains the following elements (Frank, Lavy, & Elata, 2003; Helle et al., 2006; Macías-Guarasa, Mon-
tero, San-Segundo, Araujo, & Nieto-Taladriz, 2006; Prince & Felder, 2006):
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• Teaching staff take a supporting rather than leadership role;
• Students generally work in groups/teams to complete a design project;
• Solution of a problem or completion of a task that requires students to complete a number of edu-
cational activities that direct their learning;
• Generally, the project would involve the creation of a tangible artefact – a design, a physical 
model, a report, a thesis, a computer model, etc.;
• The project is non-trivial and often multidisciplinary in nature, requiring work over an extended 
period of time; and
• The completion of the project often includes a reporting element, either a written document and/
or oral presentation.
It is useful to differentiate project-based learning from problem-based learning – the latter being a related 
but distinct popular group-based learning method. Problem-based learning is a pedagogy originating in 
medical education, where important theoretical learning is developed through the consideration (gener-
ally by student groups) of real-world scenarios that present typical ‘problems’ commonly encountered 
in professional practice (Boud & Feletti, 1998; Dym et al., 2005). Problem-based learning is also used 
in discipline areas such as business and law, where complex, expert decision-making is also a routine 
element of professional practice, and where it is used as a teaching method it may also be referred to as 
‘PBL’. Hereafter in this chapter in the context of engineering design education, the authors use PBL to 
refer to project-based learning with the characteristics described above. The benefits for student learning 
attributed to PBL (Doppelt, 2005; Frank et al., 2003; Helle et al., 2006; Macías-Guarasa et al., 2006; 
Mills & Treagust, 2003; Thomas, 2000) include:
• Experience of problem solving and the design process;
• Experience and development of group work skills;
• Coping with incomplete and imperfect information;
• Exposure to the multi-disciplinary and systems nature of design problems;
• Experience of authentic engineering problems and professional practices;
• Self-motivation and student ownership of the problem, solution and learning;
• Development of self-regulation, agency, commitment and competence;
• Development of reflective thinking skills; and
• Development of written, oral and other communication skills.
It is claimed that PBL can provide students with experiences in both divergent thinking (the gen-
erative, conceptual, know-how aspects of engineering design) and convergent thinking (the analytical, 
knowledge, know-why aspects of engineering design) (Dym et al., 2005). The nature of PBL makes it 
an important pedagogical strategy in engineering education – design can be the context for learning, an 
inductive mode of learning and teaching can be employed, and authentic engineering problems can be 
posed to students. In addition, PBL is a common pedagogy employed in secondary and primary schools 
internationally, hence it is a form of learning that will be familiar to many first-year engineering students 
(Mills & Treagust, 2003; Thomas, 2000).
Griffith University in Queensland Australia offer a number of Engineering programs on their Gold 
Coast and Nathan campuses. Both undergraduate and postgraduate programs are available. At an un-
dergraduate level, three years full-time (240 credit points) Bachelor of Engineering Technology and 
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four years full-time (320 credit points) Bachelor of Engineering with Honours programs are offered. 
Moreover, the flexibility of these programs presents part-time study opportunities. Double degrees and 
postgraduate programs offer further engineering study options. At the Gold Coast campus, only Bachelor 
of Engineering with Honours programs and Double degrees are offered at an undergraduate level. The 
five (current, 2015) Bachelor of Engineering with Honours program offerings on the Gold Coast are:
• Civil Engineering;
• Mechanical Engineering;
• Electrical and Electronic Engineering;
• Mechatronic Engineering; and
• Electronic and Biomedical Engineering.
These five programs have a common first year that includes ‘1006ENG Design and Professional 
Skills’, a first-year PBL unit (see Figure 1).
As an element of the initial offering of 1006ENG it was decided to undertake a detailed evaluation of 
the unit. As part of the evaluation, enrolled students were surveyed to gauge their previous exposure to 
PBL learning experiences, and to assess their perceptions of the conduct of 1006ENG, with a particular 
focus on the group work aspects of the unit. Approval to conduct the survey was sought and obtained 
from the Griffith University Human Research Ethics Committee (GUHREC). During the development 
of the survey questionnaire, an independent and experienced member of the academic staff was invited 
to review the draft questionnaire, and based on their feedback it was refined to enhance its face validity. 
The questionnaire sought responses from students relating to:
• Respondent demographic information;
• Prior experience with PBL;
• Prior perceptions of key pedagogic elements of 1006ENG;
• Perceptions of the experience of aspects of 1006ENG; and
• Open-ended comments on the ‘best aspects’ and ‘needs improvement’ elements of 10065ENG.
The questionnaire that was used to collect the data is given in the Appendix. The questionnaire 
was administered during the final week of the semester. As required by the GUHREC approval, the 
questionnaire was anonymous and voluntary. Following analysis of the initial survey data, a number of 
refinements were made to the learning design for 1006ENG for the second unit offering. The evaluation 
survey was repeated for the second unit offering to collect additional student feedback, and to assess the 
impact of the learning design changes.
Figure 1. Bachelor of engineering with honors: common first year at Gold Coast campus
151
An Evaluation of Group Work in First-Year Engineering Design Education
 
EVALUATION OF PBL IN FIRST-YEAR ENGINEERING AT GRIFFITH UNIVERSITY
1006ENG Initial Offering
The first implementation of 1006ENG Design and Professional Skills in 2010 (Palmer & Hall, 2011) 
aimed to provide a greater focus on learner-led activities in Griffith’s undergraduate engineering programs 
on the Gold Coast campus. In this unit the learning design attempted to move away from instructor-led 
activities that were theoretical and prescriptive to self-directed student tasks. The initial offering of the 
unit focused on developing engineering design skills (and the relevant graduate attributes) in three core 
engineering disciplines:
• Mechanical engineering;
• Electrical/electronic engineering; and
• Civil engineering.
These three core disciplines were fundamental to all Gold Coast campus offerings at that time (and 
are still relevant now). They underpinned all of the program offerings at the time Design and Professional 
Skills was introduced in 2010 and remain the central focus of the five current undergraduate offerings 
mentioned above.
A lecture series was used to support the engineering design and professional skills activities. Three 
design project activities were embedded in the unit, one activity for each of the core disciplines. The 
mechanical offering focused on the design and build activity of a mousetrap racer; the electrical/electronic 
project required the students to design and build a small linear accelerator; and the civil design project 
focused on the construction of a geometric scale model of an urban development. It has been proposed 
that the use of a series of ‘mini’ design projects can enhance PBL, particularly at the foundation level 
where it provides students multiple opportunities to experience and develop project skills (Frank et al., 
2003; Macías-Guarasa et al., 2006). These three design activities each required a group-based submis-
sion for a preliminary and a final design report (3 x 25% of the unit). To assist students to understand 
the expectations for each of these design projects, a rubric was provided. The rubric clearly articulated 
the assessment criteria and the corresponding levels of quality, ranging from low quality (poor) to high 
quality (excellent). The rubrics were introduced as an efficient feedback mechanism for a large student 
cohort and as a means to communicate design project expectations. The rubrics also provided an op-
portunity for students to make realistic evaluations about their own performance and that of the other 
group members, especially in the context of a using SAPA as an element of the assessment.
Students were permitted to choose the members of their groups, and were requested to reflect on the 
performance of all group members, and to include with their final project report a SAPA rating for each 
group member, including themselves. In this instance, the primary intention of the SAPA rating was 
to provide a mechanism for individualization of the assessment for each member in the group design 
projects. Students were provided with a rubric guide for making their SAPA ratings: ratings were out of 
10, with up to 2 marks awarded for participation/attendance, 4 marks for the quantity of work produced 
and 4 marks for perceived quality of the work. Provision of SAPA ratings by students was optional, and 
non-submission of a rating was taken as an implied equal rating for group members. The individualized 
design report mark was calculated using Equation 1.
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Final Report Mark × 
Total Peer Assessment Mark for student in question
Total Peer Assessment Mark for best perform
( )
ing student( )
 (1)
In addition, students were required to provide individual CAD drawings for one of the projects (15% 
of the unit) and were supported in this activity with basic CAD classes (with an attendance ‘hurdle’ 
requirement to encourage student participation, but no summative marks). Moreover, an oral presenta-
tion on one of the design projects was required. The presentation was performed in a group, but students 
were marked individually. The unit therefore considered a broad-based design curriculum with embed-
ded professional skills activities (for example group work, and written and oral communication). Table 
1 summarizes the assessment design.
Table 2 gives a summary of the demographic and other information about the survey respondent 
group for which the corresponding information was known about the entire enrolled 1006ENG class. 
The overall response rate from the initial survey group was 30.4 per cent – 72 out of a unit enrolment of 
237. For the demographic dimensions of gender and enrolled program, the exact, two-sided version of 
Fisher’s test was used to compare the proportions of respondents and the entire enrolled class, to assess 
the representativeness of the survey respondent group. Fisher’s exact test provides a test of the contin-
gency (association) between two kinds of classification. The test is suitable even when sample sizes are 
small, and, it makes no assumptions about the source data other than that the variable categories (i.e., 
gender and student group, enrolled program and student group, etc.) are not associated. If there were 
non-respondents in any category the sum of the frequencies will be less than 72. Table 3 gives the mean 
and standard deviation for student responses to the questionnaire scale items. As noted in the Appendix, 
all questionnaire scale items were rated by students on a scale of 1(minimum agreement) to 5 (maximum 
agreement). For all statistical testing presented, the authors use a p value of less than 0.01 to indicate 
a significant result – that is, it is demanded that the probability of the observed statistical test result 
occurring by chance alone be less than one in one hundred before the result is classified as significant. 
The respondent open-ended comments were analyzed to identify common themes which were tallied 
and ranked, as show in Table 4.
Table 2 shows that, based on Fisher’s exact test, there was no significant difference between the re-
spondent sample and overall enrolled student population on the demographic dimensions of gender and 
enrolled program. The relatively large number of respondents and good match on known demographic 
Table 1. Summary of 1006ENG unit assessment design
Assessment Item Marks Weighting Description
Preliminary design report for Project 1 3 Group mark
Final design report for Project 1 22 Group mark plus SAPA
Preliminary design report for Project 2 3 Group mark
Final design report for Project 2 22 Group mark plus SAPA
Preliminary design report for Project 3 3 Group mark
Final design report for Project 3 22 Group mark plus SAPA
CAD drawings for Project 1, 2 or 3 15 Individual mark
Oral presentation for Project 1, 2 or 3 10 Group delivery, but individual mark
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characteristics provides some confidence that the respondent sample is representative, and that infer-
ences about the overall enrolled student group can be made based on the respondent data. About one 
half of respondents indicated having no previous experience with PBL, suggesting that providing clear 
information to the class about the purpose and processes of PBL would be very important. Examining 
Table 3 shows that many of the mean ratings for the questionnaire scale items are similar. In a similar 
investigation of PBL in an ‘early years’ context (first and second year of an engineering program), the 
overall mean rating for enjoyment reported by students was 3.79 (out of 5) (Edward, 2004) – similar to 
the 3.46 observed here for the ‘overall’ scale item. Based on estimating 99 per cent confidence intervals 
Table 2. Demographic and other information about the initial survey respondent group
Sample Population Significance / etc.
Number of Respondents 72 237 30.4%
Gender Fisher’s exact test 
p > 0.33Female 8 18
Male 63 219
Enrolled Program Fisher’s exact test 
p > 0.35Engineering 50 176
Engineering Technology 6 19
Engineering with Advanced Studies 6 13
Engineering / Science 3 6
Engineering / Information Technology 1 2
Engineering / Business 3 9
Other 0 12
Previous Experience with PBL? 
Yes 29 42.7%
No 33 48.5%
Not sure 6 8.8%
Table 3. Mean ratings for scale items from the initial survey respondent group
Questionnaire Item Mean Std Dev
Do you enjoy working in groups/teams? 3.43 0.93
Do you enjoy giving oral presentations? 2.65 1.21
Did you understand what you needed to do for the design project assignments? 3.51 0.86
Were you able to find the information you needed to complete the design project assignments? 3.72 0.84
Did your group work well together on all design project assignments? 3.36 1.24
Was your group presentation successful? 3.53 0.93
Were you satisfied with the designs produced by your group? 3.67 0.95
Overall, was 1006ENG an enjoyable learning experience? 3.46 0.96
Did 1006ENG increase your knowledge of engineering design & professional skills? 3.63 0.98
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for the mean ratings given in Table 3, only one item is significantly different from the rest – the scale 
item ‘Do you enjoy giving oral presentations?’ is significantly lower than all others. Previously in the 
literature it has been noted that many engineering students report not enjoying public speaking (Beer, 
2002). Additionally, a similar result as was observed here was also observed in another first-year engi-
neering design unit – students found the experience enjoyable but disliked oral presentations the most 
(Hanesian & Perna, 1999). While it was observed that the scale item for enjoyment of oral presentations 
produced the lowest mean rating, the mean rating for the scale item ‘Was your group presentation suc-
cessful?’ was significantly higher. This provides some evidence that the procedures adopted for the oral 
presentation element of the unit helped students work through the development and delivery of their 
oral presentations as a learning activity in a productive way.
Table 4. Themes from open-ended comments ranked by frequency for initial survey respondent group
Best Aspects Frequency Needs Improvement Frequency
Group work 18 More time on project work 11
Hands on / practical 16 More instruction on CAD 11
No exam 11 Better explanation of expectations 10
Projects enjoyable 7 Less emphasis on group marks 5
Less lectures 6 Smaller groups 4
CAD 5 More background on principles behind projects 4
Mousetrap car 4 More even participation on groups 3
Variety of projects 4 Faster feedback 3
Meeting new peers 4 Spread assessment due dates better 3
Helpful staff 3 More consistency in marking 2
Exposure to engineering work 3 Unit more organized 2
Group shared workload 2 Support for design report writing 2
Independent studies 2 More lectures 2
Linear accelerator 1 Guidelines for group operation 1
Regular assessment 1 More feedback 1
Problem solving 1 More help from demonstrators 1
Appropriate difficulty 1 Choice in projects 1
Group motivated me to work 1 Relate projects better to discipline areas 1
Develop group skills 1 More scope for variation in designs 1
Presentation 1 Fewer projects 1
Workload 1 Workload too heavy 1
Presentation skills 1 Blind peer review not ‘blind’ 1
Good resources 1 More general support for students 1
Project guides comprehensive 1 Minimize/drop lectures 1
Civil project 1 Prize for best mousetrap racer 1
Engineering reporting 1 Activities to meet peers prior to group selection 1
Design work 1
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A test was undertaken to determine if there were any significant differences in the mean ratings given to 
any scale items by different groups of student respondents, i.e., mean rating difference by: gender; enrolled 
program; intended study major; and previous PBL experience. An analysis of variance (ANOVA) test 
was used to compare the mean ratings of all questionnaire scale items against each respondent category. 
The ANOVA test assumes that the distribution of values in each category is approximately normal, and 
that the variance of the values in each category is approximately the same. The ANOVA test is relatively 
robust to departures from normality in the test data, and Levene’s test of homogeneity of variance can 
be used to assess if the variance is significantly different between respondent categories. In all cases, 
Levene’s test of the homogeneity of variance indicated no significant difference in the variance of scale 
item ratings between categorical groups. In many cases the mean ratings were essentially identical 
between respondent groups, and the ANOVA tests showed that there were no significant differences in 
mean scale item ratings between any groups. This provides some evidence that most students were able 
to participate in, and experienced, the unit in essentially the same way, regardless of gender, enrolled 
program, previous experience with PBL, etc. Other investigations have also found that PBL/design 
projects can be a supportive pedagogy for diverse engineering student cohorts to participate equitably 
(Du & Kolmos, 2009; Lumsdaine, Shelnutt, & Lumsdaine, 1999).
Some of the ‘best aspects’ themes reported by students are also found in the literature on student 
evaluations of PBL, including:
• Students perceived group work as valuable (Dym et al., 2005);
• Use of ‘real world’ practical applications (Edward, 2004; Mills & Treagust, 2003);
• Assessment moved from summative examination to assessed project work;
• Exposure to aspects of professional engineering and engineering work; and
• Experiencing helpful teaching and support staff (Frank et al., 2003).
Likewise for some of the ‘needs improvement’ themes:
• High time demands of project work;
• Issues with group members who did not pull their weight (Mills & Treagust, 2003);
• Need for an introduction to, and preparation for, group work; and
• Need for instruction on engineering/design report writing (Frank et al., 2003).
1006ENG Second Offering
Following the initial offering of the unit in 2010, some revisions were made to the unit learning design 
in response to the ‘Needs Improvement’ issues identified by students (see Table 4) (Hall, Palmer, & 
Bennett, 2012). To provide ‘more time on project work’ and less emphasis on ‘group marks’, the unit 
was restructured and only two projects (the mechanical and civil engineering projects) were offered. 
This was a reduction from the original three projects. This reduction allowed students to become more 
involved in each of the two projects, whilst also facilitating a reduction of the overall weighting of ‘group 
marks’. The geometric scale model of an urban project development was offered as the first of the two 
projects and the mousetrap racer project second. While the intention was to offer the initial three projects 
on a rotating basis in the future, changes in the administration of the unit have seen only the mechanical 
engineering and civil engineering project pair used in subsequent offerings of 1006ENG. Furthermore, 
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there was a redistribution of the marks with a higher proportion on offer for the second project (the 
civil project was worth 25% and the mechanical project was worth 35% of the available unit marks (see 
Table 5). This approach allowed the students to reflect on their initial performance and consider where 
they might be able to improve for the project with the greater percentage weighting. To address the need 
for ‘More Instruction on CAD’ summative assessment items for the basic tuition classes were included 
(worth 10% of the unit) and there was a requirement to submit CAD drawing for both design projects 
(worth 20% of the unit). A total of 30% of the unit marks was therefore available for the CAD compo-
nent. The oral presentation remained unchanged in its structure. To address the student request for ‘a 
better explanation of the expectations’, a single point of contact (i.e. the Unit Chair / Course Convener) 
was instituted for all technical and administrative issues related to the design projects. Previously, an 
academic staff member was directly responsible for technical aspects of each project, whilst the Unit 
Chair was responsible for all administration issues.
A limitation of the initial SAPA system for individualizing student marks (see Equation 1) was that 
students were not able to attain an individual mark for the final design reports that was higher than the 
overall report mark assigned by the marking tutor. So while low performing students might have their 
report mark scaled down, a student who contributed a more significant share of the group design work 
could never score higher than the tutor’s overall mark for the report. In the second offering of 1006ENG 
a revised SAPA strategy was used, adapted from Willmot and Crawford (2004). In the revised scheme, a 
weighting factor was derived for each group member based on the total SAPA score they received from 
the group divided by the mean group SAPA score, as given in Equation 2, and this weighting factor 
was applied to 50 per cent of the final report mark as assessed by the tutor, producing an individualized 
report mark as given by Equation 3.
Wf =
∑
∑( )






SAPA
mean SAPA
 (2)
Final Report Mark (0.5 + 0.5Wƒ)  (3)
This presented the opportunity for higher performing students (as assessed by the group members 
via SAPA) to achieve individual marks that were more representative of their contributions to the design 
Table 5. Summary of revised 1006ENG unit assessment design
Assessment Item Marks Weighting Description
Preliminary design report for Project 1 3 Group mark
Final design report for Project 1 22 Group mark plus SAPA
Preliminary design report for Project 2 3 Group mark
Final design report for Project 2 32 Group mark plus SAPA
CAD drawings for Project 1 and 2 30 Individual mark
Oral presentation for on Project 1 or 2 10 Group delivery, but individual mark
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project. It was an attempt to provide a fairer distribution of group work marks. Table 5 summarizes the 
revised assessment design.
Adopting a similar data analysis methodology to that used above for the initial offering of 1006ENG, 
Table 6 gives a summary of the demographic and other information about the survey respondent group 
for which the corresponding information was known about the entire enrolled 1006ENG class. The 
overall response rate from the follow-up survey group was 80.1 per cent – 205 out of a unit enrolment 
of 256. For the demographic dimensions of gender and enrolled program, the exact, two-sided version of 
Fisher’s test was used to compare the proportions of respondents and the entire enrolled class, to assess 
the representativeness of the survey respondent group. If there were non-respondents in any category the 
sum of the frequencies will be less than 205. Table 7 gives the mean and standard deviation for student 
responses to the questionnaire scale items. The respondent open-ended comments were analyzed to 
identify common themes which were tallied and ranked, as show in Table 8.
Table 6 shows that, based on Fisher’s exact test, there was no significant difference between the 
respondent sample and overall enrolled student population on the demographic dimensions of gender 
and enrolled program. The large number of respondents, the high response rate and the good match on 
known demographic characteristics again provides confidence that the respondent sample is representa-
tive, and that inferences about the overall enrolled student group can be made based on the respondent 
data. About one half of respondents indicated having either no previous experience with PBL or where 
unsure, confirming the previous finding that providing clear information to the class about the purpose 
and processes of PBL is very important. Examining Table 7 shows that, as for the initial offering of 
1006ENG, while the mean rating for most scale items are similar, the mean rating for the scale item ‘Do 
Table 6. Demographic and other information about the follow-up survey respondent group
Sample Population Significance / etc.
Number of Respondents 205 256 80.1%
Gender Fisher’s exact test 
p > 0.52Female 18 22
Male 185 234
Enrolled Program Fisher’s exact test 
p > 0.167Engineering 151 190
Engineering Technology 10 15
Engineering with Advanced Studies 2 14
Engineering / Science 4 6
Engineering / Information Technology 4 8
Engineering / Business 7 11
Other 4 12
Previous Experience with PBL? 
Yes 100 49.3%
No 76 37.4%
Not sure 27 13.3%
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Table 7. Mean ratings for scale items from the follow-up survey respondent group
Questionnaire Item Mean Std Dev
Do you enjoy working in groups/teams? 3.56 0.96
Do you enjoy giving oral presentations? 2.80 1.22
Did you understand what you needed to do for the design project assignments? 3.96 0.77
Were you able to find the information you needed to complete the design project assignments? 4.07 0.76
Did your group work well together on all design project assignments? 3.76 1.00
Was your group presentation successful? 3.67 0.88
Were you satisfied with the designs produced by your group? 3.84 0.92
Overall, was 1006ENG an enjoyable learning experience? 3.82 0.84
Did 1006ENG increase your knowledge of engineering design & professional skills? 3.86 0.96
Table 8. Themes from open-ended comments ranked by frequency for follow-up survey respondent group
Best Aspects Frequency Needs Improvement Frequency
Group work 31 More instruction on CAD 33
Hands on / practical 31 Nothing 22
Projects enjoyable 31 Improve CAD section 20
Helpful staff 30 Better explanation of expectations 9
No exam 13 More time in laboratories 8
Design work 13 Too much CAD work 7
CAD 12 Delete/improve oral presentation 7
Presentation 10 Grouping system / management 6
Mousetrap car 9 More even participation on groups 5
General 9 Choice in projects 5
Explanation of theory 9 Workload too heavy 5
Exposure to engineering work 7 CAD software problems 5
Fair group assessment 6 Civil project 4
Less/Quick lectures 5 Match CAD to projects (timings) 3
Problem solving 5 Spread assessment due dates better 2
Variety of projects 3 More feedback 2
Meeting new peers 3 Less CAD marks 2
Workload 2 Too much/hard assessment 2
Civil project 2 Better explanation of Matlab 2
Research skills 2 SAPA system unfair 2
Feedback 2 Others (21) (single response) 1
Well organized / clear expectations 2
Develop group skills 1
Engineering reporting 1
Others (4) (single response) 1
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you enjoy giving oral presentations?’ is significantly lower than all others – comparatively speaking, 
once again, students had an aversion to public speaking.
Comparing the results Table 7 to those in Table 3, it can be seen that the mean rating for each scale 
item was higher in the follow-up offering of 1006ENG. A t-test of means was used to compare the mean 
ratings obtained in the initial and follow-up offerings, for each of the questionnaire scale items. Like the 
ANOVA test, the t-test assumes that the distribution of values in each group is approximately normal, 
that the variance of the values in each group is approximately the same, and the t-test is relatively robust 
to departures from normality in the test data. As for the ANOVA test, Levene’s test of homogeneity of 
variance can be used to assess if the variance is significantly different between respondent groups. Only 
two scale items had significantly different variances between the initial and follow-up offerings – ‘Did 
you understand what you needed to do for the design project assignments?’ and ‘Did your group work 
well together on all design project assignments?’ For these two scale items, a modified t-test based on 
the Welch statistic was used. Welch’s t-test is similar to a standard t-test, except that the test statistic t 
and the associated degrees of freedom (F – a test parameter based on the sample sizes) are computed 
using methods that account for unequal sample variances. Based on the appropriate t-test, there were 
three questionnaire scale items that had significantly higher mean ratings in the follow-up offering of 
1006ENG compared to the initial offering, these were:
• “Did you understand what you needed to do for the design project assignments?” (F112.9 = 15.8; 
p < 0.0002);
• “Were you able to find the information you needed to complete the design project assignments?” 
(F276 = 10.7; p < 0.0013); and
• “Overall, was 1006ENG an enjoyable learning experience?” (F275 = 8.9; p < 0.0032).
SOLUTIONS AND RECOMMENDATIONS
How students engage with the learning activities in, and their overall perception of, a unit of study is 
powerfully influenced by the design of the assessment (James, McInnis, & Devlin, 2002). While the 
mean ratings for the two questionnaire scale items “Did you understand what you needed to do for the 
design project assignments?” and “Were you able to find the information you needed to complete the 
design project assignments?” were relatively high in the initial offering, in the follow-up offering they 
were significantly higher again. In fact, they had the highest mean ratings, and also had the smallest 
standard deviations of all scale items in the follow-up offering, suggesting that students were generally 
in agreement about their high ratings of these two scale items. The change to a single point of contact for 
academic advice in relation to the unit, and the reduction in the number of design projects (from three 
to two) giving more time to devote to each project, may have contributed to significantly higher mean 
ratings observed for the first two scale items above. A clearer understanding of assessment expectations 
and how to locate the information necessary to complete the design projects are both likely to be of im-
portance to students, and may contribute to students’ enjoyment of, and overall perception of, the unit.
Comparing the open-ended comments in Table 4 and Table 8 from the initial and follow-up offer-
ings of 1006ENG provides some insight into the impact of changes made to the unit learning design. In 
the ‘best aspects’ category, there is a striking consistency in the highest ranked themes between the two 
unit offerings – seven of the top ten themes, and four of the top five themes, are identical. This provides 
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some evidence that the questionnaire has reliably elicited student perceptions about 1006ENG. Turning 
to the ‘needs improvement’ category, the highest ranked theme in the initial offering (‘More time on 
project work’) is absent in the follow-up offering, suggesting that the reduction from three to two design 
projects has been favorably perceived by students. In the follow-up offering, the second most frequently 
reported ‘needs improvement’ theme (‘Nothing’) is an explicit indication by students that nothing needs 
improvement, providing some additional evidence that the changes to the unit learning design have been 
well received by many students.
Table 4 and Table 8 show many themes relating to group work. If the numerous group work-related 
threads in the ‘needs improvement’ column in Table 4 were summed, then ‘group work’ would be both 
the most commonly reported positive and negative item in the student open-ended comments received 
for the first offering of 1006ENG. Similarly, the scale item in Table 3 with the largest standard deviation 
(and second largest standard deviation in Table 7) is ‘Did your group work well together on all design 
project assignments?’. These results point to the complex and multi-faceted nature of student group 
work. While students were permitted to self-select their group membership, a number of respondents 
indicated ‘meeting new peers’ was one of the best aspects of the unit. Engineering design is not totally 
represented by an individual working alone at a desk (Bucciarelli, 2002) – much ‘real’ engineering de-
sign work is conducted in a group environment (Dym et al., 2005). It has been shown that engineering 
designers do benefit from periods of time working alone to concentrate intensely on design problems 
and engineering work (Salter & Gann, 2003). However, engineering design is a social activity that is as 
much about discussion between engineers as it is about technical specifications (Lloyd, 2000). It is es-
sential that engineering students are exposed to the importance of group work in the engineering design 
process, but also to the processes and experience of group design work, so that they can develop skills 
and strategies for the successful negotiation through the social aspects of engineering design practice.
FUTURE RESEARCH DIRECTIONS
In Table 8, two of the three highest ranking ‘needs improvement’ items in the follow-up offering relate 
to the CAD aspects of the 1006ENG. This result is despite a significant increase in both the tuition time 
and assessment weighting given to CAD in the follow-up unit offering. In fact, inspection of the themes 
in Table 8 shows that many of the student ‘needs improvement’ comments relate to CAD. However, both 
Table 4 and Table 8 also show that some students perceived the CAD elements of 1006ENG to be the 
best aspect of the unit. The situation regarding CAD in 1006ENG is clearly complicated, and requires 
additional careful consideration in future offerings of the unit.
While not at the top of the list in the ‘needs improvement’ column in Table 4 or Table 8, some issues 
relating to group work and assessment are apparent. The SAPA system for individualization of student 
marks in group work was an overt part of the unit, and informal feedback indicated that some students 
appreciated the SAPA system and consequent moderation of individual marks. However, students do 
want to know that their work has been assessed fairly, and especially so for group work where both 
relative and absolute equity in assessment issues come to the fore (James et al., 2002). Student use of 
the SAPA system was optional. There is scope to reconsider the operation and integration of the SAPA 
system in the unit, and how student use of the SAPA system might be improved. The authors believe 
that there would be significant value for student learning and development in strengthening the self-
reflection aspects of the unit. This would ideally include additional guidance about the purpose, value 
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and process of self-reflection, and allocating some specifically identified assessment weighting to a 
self-reflection task. The open-ended student comments collected in both years of the evaluation are a 
rich data set that has not yet been analyzed in full detail. Additional research work is planned to identify 
appropriate methods for the analysis of this textual data, both across and between the two unit offerings, 
to gain further insights into the experiences of students enrolled in 1006ENG, and the contributors to 
the numerical ratings provided by students on the questionnaire scale items.
CONCLUSION
This chapter documents the evaluation of the initial and subsequent second offerings of a first-year 
engineering design unit at Griffith University in Australia. The unit 1006ENG Design and Professional 
Skills aims to provide an introduction to engineering design and professional practice through a project-
based approach to problem solving. The unit learning design incorporates student group work, and uses 
self-and-peer-assessment to incorporate aspects of the design process into the unit assessment and to 
provide a mechanism for individualization of student marks. This chapter presents the rationale and 
context for 1006ENG, the detailed results from the two evaluations, and conclusions regarding student 
engagement in collaborative engineering design activities in a first-year unit.
Following the initial unit offering, an evaluation suggested a number of revisions to the unit learning 
design. In response to the initial evaluation, a number of specific changes were made to the unit, and 
the evaluation process was repeated at the completion of the second unit offering to gauge the impact of 
these changes on the student perceptions of the unit. The evaluations revealed that students (in both the 
initial and second offering) generally enjoyed the experience, but that the second offering was found to 
be a significantly more enjoyable learning experience. Students in the second offering also reported a 
significantly better understanding of what they needed to do for the design projects and where to find 
the requisite information. The oral presentation aspect of the initial and second offerings received the 
lowest satisfaction rating. The inclusion (and delivery) of the CAD component of the unit was seen as a 
positive aspect by some students, but many others commented on it negatively. The best aspects of the 
PBL unit and those aspects needing further improvement were similar to the findings of other investiga-
tions documented in the literature.
The research literature indicates that, while there are individual aspects to engineering design prac-
tice, it is also a deeply social process, with collaboration and group interactions required at almost every 
stage. As an authentic educational strategy in the preparation of engineering students for this aspect of 
professional practice, and as a pragmatic educational strategy in response to large class sizes, student 
group work is used widely, and is particularly common in the form of group design projects. The use of 
student group work generally, especially where it contributes directly to summative assessment results, 
requires a method for the equitable assessment of individual student contributions. In the context of 
engineering design education, the use of student group work as a strategy for learning and practicing 
group work skills demands an assessment scheme that accounts for the effectiveness of group design 
activities as well as the quality of the resultant design artifact(s). Self-and-peer-assessment is one com-
mon strategy for the equitable assessment of group work. The evaluations presented in this chapter reveal 
the complex nature of group engineering design exercises. In agreement with the research literature, the 
students both highly valued group work, but also identified issues relating to being adequately prepared 
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for group work and ensuring equitable contributions from group members. The refinement of the group 
work aspects of 1006ENG will remain a focus in future unit evaluations.
For the continuous improvement of engineering design education, on-going evaluation of design stud-
ies are essential (Davis et al., 2002), and the introduction of a new unit of study in engineering design is 
a key event that should trigger such evaluation. Dutson et al. (1997) note extensive anecdotal reporting 
of the value of engineering design education, but that a more objective assessment is required, and that 
formal evaluation should be undertaken. They also note that students are a key stakeholder group in 
design education, and that they should be included in any formal evaluation. While additional evaluation 
data can be drawn from sources such as the staff involved in the teaching of design units and existing 
institutional teaching evaluation systems, here the authors have employed a purpose-designed evalu-
ation instrument for surveying student perceptions. The specific details of the instrument are unlikely 
to suit the evaluation needs of design studies units in other disciplines/contexts, however the authors 
recommend the use of a similar instrument structure based on the following rationale for the intended 
use of the data obtained:
• Respondent demographic information – where the survey respondents are a subset of the unit 
enrolment, it may be possible to assess the representativeness of the respondent sample based on 
similarity of demographic makeup; and it may be possible to compare responses to important sur-
vey items from different demographic groups to determine if different student groups experience 
aspects of unit in different ways.
• Assessment of prior experience – familiarity with topic knowledge and/practice may influence 
student survey responses, and a diagnostic assessment of the level of student prior experience may 
help plan/optimize unit teaching approaches.
• Assessment of prior perceptions – existing perceptions may influence student responses to new 
learning experiences, and a knowledge of entry perceptions may allow an assessment of the im-
pact of the unit learning activities on student perceptions.
• Perceptions of learning activities – numerical response scales for the rating of student perceptions 
of key elements of the unit learning design that are of interest for the evaluation – in the case pre-
sented here student group work aspects were central to the evaluation.
• Open-ended comments – qualitative/text data can provide a valuable supplemental source of trian-
gulation and explanation for other quantitative data obtained in the evaluation process.
The authors offer this survey instrument structure as a useful model for those interested in the evalu-
ation of student collaboration in design education in particular, but also student perceptions of aspects 
of design education more generally.
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KEY TERMS AND DEFINITIONS
Cornerstone Design Course: A (typically) first-year design-based unit of study that provides 
foundation design knowledge, skills and practice. The term is derived as a counterpoint to ‘capstone’ 
design courses that traditionally occur and the end of a program of study with the intention as a context 
to integrate previous studies in the context of a realistic major design project. It is suggested that first-
year design courses enhance commencing student motivation and retention, and introduce engineering 
application content and basic design experience early in the curriculum.
Engineering Design: Most simplistically, the method used by engineers for the realization of techni-
cal systems through the processes of (a) Eliciting and documenting client requirements and constraints; 
(b) Analysis of task requirements; (c) Generation of conceptual design alternatives; (d) Evaluation and 
selection of optimal solution; (e) Technical embodiment design; (f) Detailed design of system solution 
elements; and (g) Implementation of the solution system.
Group Work: Collaborative student work where a number of students work separately on different 
aspects of a project/task and then combine their work, often with limited consideration or attempt at 
integration.
Learning Design: The intentions of the designers of a unit of study, encompassing (a) The intended 
student learning outcomes; (b) The assumed prerequisite student knowledge; (c) The planned sequence 
of learning activities; (d) The unit learning resources; (e) The unit assessment activities that document 
student mastery of the learning outcomes; and (f) The required student support systems.
Mark Individualization: One possible outcome of SAPA is the calculation of a numerical scaling 
factor for each group member, which can then be applied to a common group mark to produce individual 
marks for each group member that attempt to fairly represent the contribution of each member to the 
assessable group task.
Project-Based Learning: A learning and teaching pedagogy that typically has the following char-
acteristics (a) Teaching staff take a supporting rather than leadership role; (b) Students generally work 
in groups/teams to complete a design project; (c) Solution of a problem or completion of a task that 
requires students to complete a number of educational activities that direct their learning; (d) Generally, 
the project would involve the creation of a tangible artefact – a design, a physical model, a report, a thesis, 
a computer model, etc.; (e) The project is non-trivial and often multidisciplinary in nature, requiring 
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work over an extended period of time; and (f) The completion of the project often includes a reporting 
element, either a written document and/or oral presentation.
Self-and-Peer-Assessment (SAPA): At its most basic, SAPA involves students providing an evalua-
tion for all group members, including themselves, of the individual contribution of each group member 
to the group work process. The SAPA evaluation may be used informally as feedback, or formally as an 
element of the summative assessment for the group task. SAPA may be public or anonymous.
Student Evaluation of Teaching: The process of surveying students, typically at the end of a teach-
ing period, to ascertain their perceptions of particular aspects of the learning and teaching environment. 
Such surveys may incorporate quantitative ratings and/or qualitative, open-ended comment responses 
from students.
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APPENDIX
1006ENG Design and Professional Skills – PBL Questionnaire
1.1 Please state your age in years AND months
1.2 Please indicate your gender
1.3 Please indicate your enrolled program code
1.4 Please indicate your intended study major
1.5 Please indicate your Griffith tertiary entrance score
2.1 Before commencing 1006ENG, had you previously participated in PBL activities? [Y/N/?]
2.2 Do you enjoy working in groups/teams? [1-5]
2.3 Do you enjoy giving oral presentations? [1-5]
3.1 Did you understand what you needed to do for the design project assignments? [1-5]
3.2 Were you able to find the information you needed to complete the design project assignments? [1-5]
3.3 Did your group work well together on all design project assignments? [1-5]
3.4 Was your group presentation successful? [1-5]
3.5 Were you satisfied with the designs produced by your group? [1-5]
3.6 Overall, was 1006ENG an enjoyable learning experience? [1-5]
3.7 Did 1006ENG increase your knowledge of engineering design & professional skills? [1-5]
4.  What were the best aspects of 1006ENG? [Free text comment]
5.  What could be improved about 1006ENG? [Free text comment]
